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VestibularAbstract Background: Auditory neuropathy (AN) is a speciﬁc hearing disorder with abnormal
auditory neural responses in the presence of normal cochlear function. Affection of vestibular por-
tion of cochleo-vestibular (VIII) nerve was only reported in few studies.
Objectives: To evaluate the cochleo-vestibular function in these patients and to detect any rela-
tionship between both cochlear and vestibular functions.
Method: The study was conducted on forty (AN) patients. All subjects were submitted to: full
audiological test battery; history taking, clinical otological examination, basic audiological evalua-
tion, Auditory Brainstem Response (ABR), Transient Evoked Otoacoustic Emissions (TEOAEs)
and threshold equalizing test (TEN). Vestibular test battery; (vestibular evoked myogenic potential
(VEMP) and VNG test battery).
Results: Audiological test battery conﬁrmed the audiological criteria for auditory neuropathy
reported in the literature. Results of this work showed that, there was preservation of TEOAE in
all patients. Also, there was an increase in amplitude of CM in AN. Moreover, all AN patients
showed presence of dead regions that started ﬁrst in low frequencies and with increase number
of dead regions the mid and high frequencies also affected. In addition to that the vestibular
function tests showed that VEMP was preserved bilaterally in 15 patients, unilateral in 10 patients
and absent in 15 patients. On the other side, VNG showed normal central vestibular system with
unilateral weakness in 10 ears only.
Conclusion: Patients with auditory neuropathy could also have vestibular neuropathy. Vestibu-
lar neuropathy could be classiﬁed into three groups: superior vestibular neuropathy, inferior vestib-
ular neuropathy and superior/inferior vestibular neuropathy.
ª 2014 Production and hosting by Elsevier B.V. on behalf of Egyptian Society of Ear, Nose, Throat and
Allied Sciences.1. Introduction
Auditory neuropathy is a term used to describe speciﬁc hearing
disorder with abnormal auditory neural responses in the pres-
ence of normal cochlear function. Auditory neuropathy (AN)
118 N.M. Ismail et al.ﬁrst identiﬁed by Starr et al.1 was then modiﬁed to Auditory
Neuropathy/Dys-synchrony by Berlin et al.2 Recently, NHS
conference guidelines in 2008, proposed Auditory Neuropathy
Spectrum Disorder (ANSD) as a term to describe auditory
neuropathy.
The patients commonly have markedly reduced discrimina-
tion abilities in the presence of minimal loss of hearing
sensitivity, especially in the background noise.3 While this
characteristic pattern of AN points to VIII cranial nerve affec-
tion, yet the speciﬁc sites and mechanisms of AN have not
been exactly determined.
Most of reports in the literature discussed AN in terms of
its impact on auditory pathway. For such purpose, many tests
are in common use. These are auditory brain stem response
(ABR), otoacoustic emissions (OAEs) and cochlear micro pho-
nic (CM) measurements. Such tests denoted that the function
of the cochlear nerve was disordered, whereas the cochlear out-
er hair cells were normal.1 Also, threshold equalizing noise
(TEN) test was developed for extensive evaluation of cochlear
function.4 Such test can give us more information as regards
cochlear processing in patients with various forms of hearing
loss.
Together with the cochlear nerve affection, it is highly
probable that the vestibular nerve is involved as well.5 Affec-
tion of vestibular portion of cochlea-vestibular (VIII) nerve
was only reported in few studies. Kaga et al.6 found absent
caloric responses in patients with AN suffering from balance
instability. Furthermore, Starr and Fujikawa7 reported signif-
icant vestibular abnormalities in those patients in the form of
absent or asymmetrical caloric response. Actually, the ordin-
ary caloric test can only stimulate the lateral semicircular canal
with subsequent evaluation of superior division of the vestibu-
lar nerve.
Measurements of vestibular evoked myogenic potentials
(VEMP) could be utilized for separate evaluation of the infe-
rior division of the vestibular nerve via saccular stimulation.8
Utilizing this idea, Akdogan et al.5 reported various forms of
VEMP anomalies in children with AN. These studies had
not concentrated on cochleo-vestibular correlations in AN pa-
tients. Accordingly, the functional integrity of the vestibular
system as well as its involvement and its correlations with
affection of auditory system in patients with AN need to be
further examined.
2. Aims of the work
This work was designed to evaluate the cochleo-vestibular
function in these patients and to detect any relationship be-
tween both cochlear and vestibular functions.3. Subjects and method
The study group consisted of (40) patients diagnosed with
auditory neuropathy whose ages ranged between 15 and
55 years. Diagnosis was based upon the following criteria1:
 Bilateral sensor neural hearing loss.
 Poor word discrimination scores pure tone audiometric
thresholds.
 Absent or abnormal ABR results that were not correlated
to pure tone audiometric thresholds. Preserved OAEs.
All participants (AN patients) in the current study were
subjected to the following:
1. Full history taking.
2. Otological examination.
3. Basic audiological evaluation: using: (a) pure-tone audiom-
etry using orbiter 922 (GM Otomtrix, Denmark): This
included Air conduction and Bone-conduction. (b) Speech
audiometry. (c) Immittancemetry using amplaid 724
(amplifon, Italy): including tympanometry and acoustic
reﬂex threshold measurement.
4. TEOAE (Transient Evoked Otoacoustic Emission) using
Otodynamic ILOV6 (Otodynamic LTO., UK). Stimuli were
80us rectangular clicks presented at a peak level of 80–90
dBpSPL. A total of 260 sweeps were averaged using a
500–6000 Hz bandpass. The level of TEOAE was spectrally
and automatically determined at different frequency bands.
5. Auditory Brainstem Response (ABR) using intelligent
hearing system evoked potential (smart EP, Miami, Flor-
ida). The stimuli were 100-usec broadband click with rare-
faction polarity delivered at a rate of 19.3 to the subject
ipsilaterally through headphone. The response was ﬁltered
between 200 and 3000 Hz, ampliﬁed 10.000 times, recorded
over 10.24 ms time window, and 1024 sweeps were averaged
for each run.
6. Cochlear micro phonic (CM) potential was done using
intelligent hearing system evoked potential (smart EP,
Miami, Florida). Recording using surface electrodes.
Essentially, the same ABR testing protocol described before
was used to record the CM except that the stimuli were
delivered through insert earphone. Separate recording was
done using three click polarities, namely, alternating, rare-
faction and condensation. The CM recorded at 90 dBHL
was considered present if the response reversed its polarity
with change of the stimulus polarity.
7. Threshold equalizing noise (TEN HL) test for each ear was
done using a compact disc.4 The disk contains 8 tracks: the
ﬁrst track contains calibration tone, the other 7 tracks con-
tain frequencies which are 500, 750, 1000, 1500, 2000, 3000,
4000 Hz and broad band noise.4 The test was done using a
two channel audiometer, since the levels of noise masker
and the tone signal were separately controlled. The masked
threshold was measured for each ear at each frequency. A
dead region at a speciﬁc frequency is indicated by a masked
threshold that is at least 10 dB above the absolute threshold
and 10 dB above the nominal noise level per Equivalent
Rectangular Bandwidth (ERB).9
8. Vestibular evoked myogenic potential (VEMP): using Intel-
ligent hearing system evoked potential (smart EP, Miami,
Florida).the stimuli were broad band click with rarefaction
polarity, 100-usec duration, 125 sweeps with repetition rate
5 click/s. The recorded potentials were ﬁltered through
band pass ﬁlter 30–1500 Hz, with analysis time 50 ms and
at 95 dBnHL intensity.
9. Video-nystagmography (VNG): the system used was
Computerized Videonystagmography Ulmar version 0.1
(synapse, America): VNG test battery searching for sponta-
neous, gaze evoked, positional and positioning nystagmus
was performed. Oculomotor test battery included Random
Saccade test, Eye tracking and optokinetic tests. Bithermal
Table 1 Mean and standard deviation (SD) of signal to noise
(S/N) ratio of TEOAE (80 ears).
Frequency (Hz) Study
Mean +SD
1000 13.5 4.2
1400 17.6 3.9
2000 17.3 3.9
2800 16.8 4.7
4000 13.7 2.5
AS shown in Table 1 all patients had preserved (TEOAEs).
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lasting 30 s at temperature of 30 C and 44 C. Unilateral
weakness and Directional preponderance were calculated
automatically by software algorithm. The results were also
compared to results of age matched normal individuals.
4. Statistical analysis
Paired t-test was used to compare quantitative variable in the
same group in parametric data (SD < 50% mean) and Wilco-
xon sign test was used instead of paired t-test in non paramet-
ric data (SD> 50% mean).
Mann Whitney Wilcoxon U test was used to compare two
independent quantitative variables in non parametric data.
Pearson correlation test was used to rank different variables
either in positive or inverse manner and Chi-square test to cor-
relate between non parametric data.
5. Results and discussion
The addition of new diagnostic tools to the audiological test
battery contributed to the deﬁnition and understanding of
AN. Most of the reports in the literature discussed AN in
terms of its impact on auditory pathway. Affection of vestibu-
lar portion of cochlea-vestibular (VIII) nerve was only re-
ported in few studies.
Characteristically, in our study most of the patients suf-
fered from mild to moderate degrees of hearing loss with pre-
dominant low frequency affection as shown in Fig. 1. This was
in agreement with Soliman10 and Rance et al.11 In this study,
all patients had disproportionate speech discrimination to
the degree and conﬁguration of hearing loss bilaterally, which
is one of the main speciﬁc features of AN.10 All AN patients in
this study had normal tympano-ossicular mobility with absent
acoustic reﬂex bilaterally and absent ABR waves.
5.1. Cochlear function
5.1.1. Transient oto-acoustic emission
In the present study, all patients had preserved TEOAEs
denoting normal outer hair cell function as shown in Table 1.0
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Figure 1 Mean and standard deviation of pure tone thresholds
in the study group.This coincides with the results obtained by (Sininger et al.,12
Starr et al.13 and Starr et al.14
5.1.2. Cochlear micro phonic potentials
In this study, all patients had preserved and prominent CM as
shown in Table 2 and Fig. 2. Increased CM amplitude was also
observed in the experimental models of AN that were done by
El-Badery et al.,15 This increase in the amplitude can be ex-
plained by the dysfunction of the medial efferent system
through a reduced inhibitory inﬂuence on OHCs, leading in
turn to enhanced cochlear ampliﬁcation.16
5.1.3. Testing for dead regions
In this study, TEN HL test was conducted for each ear sepa-
rately using headphones. Almost all ears showed one or more
dead regions. The distribution of dead regions along different
frequencies is demonstrated in (Table 3 and Fig. 3). Dead re-
gions commonly existed in the low frequencies which matched
and reﬂected in the low frequency conﬁguration of the audio-
gram. However, it did sometimes affect mid and infrequently
involved high frequencies. Obviously, the pattern of dead re-
gions usually started in the low frequency region and as the
number of dead regions increased, mid and higher frequencies
were also involved.
The pattern of dead regions reported in this study reﬂects
predominant affection of the apical ﬁbers which are responsi-
ble for high spontaneous activity, fast conduction and low
thresholds.17 Subsequently, loss of these ﬁbers can also explain
the decreased temporal processing, ABR abnormalities1 and
poor speech recognition encountered in AN patients.18,19 The
presence of dead regions in the apical regions is supported
by the preliminary results of a recent animal model for hyper-
bilirubinemia which demonstrated a selective loss of the large
caliber axons in the auditory nerve with complete preservation
of outer hair cells.17 Moreover, post mortem study of inheritedTable 2 Mean and standard deviation (SD) of CM amplitude
(uv) in study group (80 ears).
Variable Study
Mean +SD
Amplitude 1.28 2.0
Table 2 shows that all patients in the present study had preserved
and prominent CM.
Figure 2 CM in AN patients in three polarities (condensation, rarefaction and alternating).
Table 3 Distribution of ears with dead regions according to
frequency.
Frequency (Hz) Number of ears
500 78
750 75
1000 64
1500 53
2000 45
3000 32
4000 15
Table 3 shows that dead regions were more common in the low
frequencies.
Figure 3 Classiﬁcation of studied ears according to the presence
of dead region. Subgroup (1–2 dead region). Subgroup (3–4 dead
region). Subgroup (5–7 dead region).
120 N.M. Ismail et al.AN also revealed that the nerve cell count was only 5% of the
normal count.20
Knowing that all ears had total pass response in TEOAE,
the pathology of AN is expected to be beyond the OHCs.1,21
The distorted auditory nerve activity has been suggested to
be in the form of either desynchronized or reduced discharge
in the auditory nerve.2 Desynchronized neural discharge can
occur due to demyelination and ion channel dysfunction22
and/or dysfunctional synaptic transmission between inner
hair cells and the auditory nerve.23 On the other hand, reduceddischarge in the auditory nerve may occur due to inner hair cell
loss24 and/or auditory nerve loss.20,25 Dead regions are known
to be present when the IHCs are non-functioning at certain
areas along the basilar membrane in addition to non-function-
ing connecting auditory neurons.26,27 The presence of dead re-
gions in AN supports the hypothesis of reduced discharge in
the auditory nerve. In other words, there may be an impaired
neuronal input with the possibility of axonal loss rather than
demyelination.
The studied cases were divided according to the presence of
dead regions into three groups as shown in Table 4. Table 4
also shows that with increasing duration of hearing loss, the
number of dead regions increased and speech discrimination
worsened. Moreover, Table 5 showed that the increase in num-
ber of dead regions associated with decrease in the amplitude
of CM. This can be explained by sharing the CM and dead re-
gions to some extent in the generating site. As CM is believed
to result from the vector sum of the extra-cellular components
of receptor potentials arising in inner (IHCs) and outer hair
cells (OHCs).16 Also dead regions are present where inner hair
cells and/or neurons are absent or functioning so poorly.27,28
On the other hand, There was no relation between number
of dead regions and S/N ratio of TEOAE as shown in Table 6.
This can be explained by the different generator sites of both,
as, the TEOAE generated from OHCs and dead regions are
present where inner hair cells and/or neurons are absent.5.2. Vestibular function
Neuropathies of the vestibular nerves are not commonly recog-
nized. They are typically found in patients with generalized
neuropathic disorders who develop symptoms of vestibular
dysfunction. However, the incidence of asymptomatic vestibu-
lar neuropathies in patients with AN is not known because ves-
tibular testing is not usually performed for these patients.7
In the present work, the superior and inferior vestibular
nerves were evaluated using caloric test and VEMP beside
the remaining test battery of VNG to detect affection of vestib-
ular nerve either peripheral or central. Accordingly, this study
was focused on assessing VOR in AN patients.
Table 4 The distribution of patients according to the subgrouping, their duration of hearing loss and word discrimination scores.
Subgroup Number of dead regions Duration of hearing loss (years) Word discrimination (%)
I 1–2 3.0 + 1.2 63.7 + 1.8
II 3–4 7.3 + 8.3 36.8 + 2.3
III 5–7 11.3 + 5.2 8.6 + 1.4
As shown in Table 4 subgroup III which has the widest extent of dead regions had longer duration of hearing loss and worse speech
discrimination scores. This means that the longer the duration of the condition the more dead regions. Hence, the larger number of dead regions.
Table 6 Correlation between number of dead regions and S/N
ratio of TEOAE.
Frequency (Hz) Number of dead regions
R P
1000 0.01 0.86
1400 0.04 0.71
2000 0.22 0.06
2800 0.06 0.56
4000 0.01 0.89
Non statistically signiﬁcant correlation was found between the
number of dead regions and S/N ratio of TEOAE.
Table 5 Correlation between number of dead regions and
amplitude of CM.
Number of dead regions
r P
Amplitude of CM 0.30 0.007**
Statistically signiﬁcant negative correlation was found between the
number of dead regions and amplitude of CM.
** P value <0.01 was considered highly signiﬁcant.
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In the current work, VEMP was present bilaterally in 15 pa-
tients (37.5%), unilateral in 10 patients (25%) and absent in
15 patients (37.5%) (Table 7 and Figs. 4, 5). The absence of
VEMP in AN could be explained by that the demyelination
starts gradually and progresses in the inferior vestibular
nerve.8,29
In the present study, it is evident in Table 8 that the pres-
ence of VEMP decreases with increase in degree of hearing
loss. In other words, the VEMP could be recorded when the
degree of hearing loss was mild rather than moderate or mod-
erately severe. This coincides with the results obtained by Sha-
laby and Abou-Setta.29
Meanwhile, Table 10 showed that with more decrease in
speech discrimination; the chance of appearance of VEMPTable 7 The distribution of patients according to presence
and absence of VEMP.
Subgroup Side N %
A Bilateral 15 37.5%
B Unilateral 10 25%
C Absent 15 37.5%
This table showed that VEMP was present in 40 ears and absent in
the other 40 ears of the study group.response was less and the reverse is true. This supports the
assumption that demyelination of auditory and vestibular
portions of eighth nerve could be possibly the cause of
poor speech discrimination and concomitant loss of VEMP
response.29
5.2.2. Video-nystagmography (VNG)
At the current study, all of the patients showed absence of
spontaneous gaze evoked positional nystagmus. Oculomotor
test revealed normal saccade velocity, accuracy and latency.
Eye tracking and optokinetic tests were normal, as shown in
Table 9. These ﬁndings exclude the presence of central oculo-
motor tract affection. This is in agreement with the results ob-
tained by.30
Moreover, bithermal caloric irrigation revealed that 10 pa-
tients had unilateral caloric weakness. These abnormal caloric
ﬁndings in AN patients were also reported by Fujikawa and
Starr,7 who found signiﬁcant vestibular caloric abnormalities
in 9 of 14 examined AN patients. They had either absent or re-
duced responses. Also, a study done by (Abdel-Nasser et al.30
reported 15 patients (30%) had bilaterally reduced responses
while 7 patients (14%) had bilateral absent caloric responses.
Furthermore, Sheykholeslami et al.31 reported the absence of
response to ice irrigation in 3 AN patients. Accordingly, the
combined absence of spontaneous, positioning and positional
nystagmus together with normal oculomotor test ﬁndings in
the presence of abnormal caloric test results reﬂects the periph-
eral nature of vestibular system affection in AN patients.
None of the patients in this study reported balance instabil-
ity except one patient. Similar ﬁndings were encountered in the
study done by Fujikawa and Starr.7 They attributed these ﬁnd-
ings to the slow and gradual affection of the vestibular nerve
that would provide efﬁcient time for central compensation
mechanisms to operate. So, despite the affection of vestibular
nerve in (AN) patients, they could not experience any vestibu-
lar symptoms.
From the previous results, it was observed that the 10 pa-
tients who had reduced caloric response (Table 9) had absent
VEMP response on the same side of weakness. On the other
hand, most of the patients that had absent VEMP had normal
caloric test. So some patients could have shown normal caloric
responses but abnormal VEMP. Then the vestibular neuropa-
thy could be classiﬁed into three groups: superior vestibular
neuropathy, inferior vestibular neuropathy and superior/infe-
rior vestibular neuropathy.32
5.3. Cochleo-vestibular correlation
As regards cochleo-vestibular correlation, the results of this
study revealed that there was no correlation between VEMP
and amplitude of CM (Table 10) and S/N ratio of TEOAE
Figure 4 Unilateral absent VEMP in AN patients.
Figure 5 Bilateral preserved VEMP in AN patients.
Table 8 Chi-square test to correlate between presence of
VEMP and degree of hearing loss.
Degree of hearing loss VEMP
Present Absent
Mild 30 14
Moderate 9 21
Moderately severe 1 5
X2 = 13.28 degree of freedom= 2.
Statistically signiﬁcant correlation was found between degree of
hearing loss and incidence of VEMP.
Table 9 Results of VNG tests.
Test Results
Oculomotor test Normal
Spontaneous nystagmus No nystagmus detected
Positional test Normal
Bithermal caloric test Unilateral weakness in 10 ears
Ten patients with unilateral weakness had absent VEMP on the
same side.
Table 10 Correlation between amplitude of VEMP, speech
discrimination and amplitude of CM.
VEMP
r p
Speech discrimination 0.36 0.02*
Amplitude of CM 0.08 0.62
Statistically signiﬁcant positive correlation was found between
VEMP and speech discrimination. Non-statistically signiﬁcant cor-
relation was found between VEMP and amplitude of CM.
* P value <0.05 was considered signiﬁcant.
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presence of VEMP response and its amplitude measure with
dead regions as shown in Table 12.
Furthermore, at the present work, we divided the ears of
the study groups into two subgroups (a–b) according to the
caloric test as evident in Tables 13 and 14. There were no sta-
tistical signiﬁcant difference between the two subgroups; sub-
group with normal caloric and that with weakness as regards
TEOAE, CM amplitude and number of dead regions. This
Table 11 Correlation between amplitude of VEMP and S/N
ratio of TEOAE.
Frequency (Hz) VEMP
r p
1000 0.01 0.92
1400 0.17 0.28
2000 0.15 0.35
2800 0.05 0.74
4000 0.06 0.72
Non statistically signiﬁcant negative correlation was found between
amplitude of VEMP and signal to noise ratio of TEOAE.
Table 12 Correlation between number of dead regions and
incidence of VEMP and amplitude of VEMP.
VEMP Number of dead regions
r p
Incidence 0.26 0.11
Amplitude 0.27 0.08
Non statistically signiﬁcant correlation was found between VEMP
incidence and amplitude and number of dead regions.
Tests to detect any relations between caloric and cochlear functions.
The ears of study group were divided into two subgroups according
to caloric test.
Subgroup (a): 70 ears with normal caloric test.
Subgroup (b): 10 ears with weakness.
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ular neuropathy reserve their independence to some extent.33
Although there was independency between the occurrence
of auditory and vestibular neuropathy, this study was still
interested in the association rather correlation of auditory neu-
ropathy with vestibular one. As apparent in the current study,
there were 25 of the 40 patients with AN who had abnormal
VEMP (10 unilateral, 15 absent response) and 10 patientsTable 13 Mean and Standard deviation (SD) of S/N ratio of TEO
Frequency (Hz) Subgroup (a)
Mean +SD
1000 18.6 6.3
1400 21.2 2.7
2000 18.8 5.3
2800 17.0 4.6
4000 16.8 3.6
No statistically signiﬁcant difference was found in S/N ratio of TEOAE
Table 14 Mean and Standard deviation (SD) of CM amplitude an
Variable Subgroup (a)
Mean +SD
Amplitude of CM 0.74 0.15
Number of dead regions 6.71 3.8
No statistically signiﬁcant difference was found in amplitude of CM andhad abnormal caloric responses. Other studies reported rela-
tionship between auditory and vestibular neuropathy similar
to Sheykholeslami et al.31 who reported that 3 adult patients
with (AN) had vestibular hypo function; absent VEMP and
decreased caloric responses. Fujikawa and Starr7 reported that
9 of the 14 patients with AN had abnormal caloric responses.
These ﬁndings disclose that in patients with isolated AN,
the vestibular branch of the VIIIth cranial nerve and its inner-
vated structures may also be affected. We suggest the use of the
terms ‘‘auditory neuropathy only’’ and ‘‘auditory vestibular
neuropathy’’ to characterize these patients with involvement
of only the auditory branch of the VIII cranial nerve, or both
the auditory and vestibular branch. This terminology may help
to categorize this disorder more pathophysiologically.
Therefore, ﬁnally it was speculated that auditory neuropa-
thy and vestibular neuropathy might be a part of a large clin-
ical entity, neuropathy of eighth cranial nerve. However,
patients are usually manifested ﬁrst by auditory symptoms
regardless of the underlying path physiology (axonal, demye-
linating or both). This can be explained on the anatomical
point of view, as, acoustic nerve ﬁbers have relatively small
diameters (3–11 lm), while vestibular ﬁbers are somewhat lar-
ger (3–15 lm). The relatively larger diameter of vestibular
nerve ﬁbers manifest later. This is caused by the gradual pro-
cess that gives time for central compensation mechanisms
and patients do not complain unless there is extensive vestibu-
lar lesion; especially if other additional modalities like visual or
sensory-motor system or both become affected.30
Lastly, it is emphasized that speciﬁcity of the diagnosis and
the ability to distinguish AN from other related pathologies or
sites of lesion are essential core issues for future research to
consider. Therefore, these are key elements for strengthening
this area of investigation. Such improvements will be beneﬁcial
for prospective investigations where the application of novel
rehabilitation strategies; including those where restoration of
function is the ultimate goal. Actually, at this point of time,
there are no complete answers for all the relevant questions
that have been posed about this condition.34 Therefore, contin-
uous studies for such anomaly are crucial.AE in subgroup (a) and subgroup (b).
Subgroup (b) t P
Mean +SD
16.4 5.6 1.1 0.27
18.7 5.3 1.4 0.19
18.7 4.2 0.07 0.94
16.1 5.3 0.56 0.57
17.2 4.2 0.12 0.91
between subgroup (a) and subgroup (b).
d number of dead regions in subgroup (a) and subgroup (b).
Subgroup (b) t P
Mean +SD
0.67 0.18 1.47 0.19
9.1 5.02 1.57 0.08
number of dead regions between subgroup (a) and subgroup (b).
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The ﬁnding in this study suggested that there was a ve corre-
lation between dead regions and CM amplitude i.e. as dead
regions’ number increases, CM amplitude decreases. More-
over, no correlation was found between dead regions and ves-
tibular function. Also, this study concluded that, there was no
correlation between cochleo-vestibular function reﬂecting
independence between occurrence of auditory and vestibular
neuropathy. However, there was association between both,
so patients with AN could also have vestibular neuropathy.
So, it is recommended to carry out vestibular function tests
in AN patients on routine basis for appropriate application of
novel rehabilitation strategies.
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